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The antioxidant properties of liver pâtés might be enhanced by adding specific 21 
bioactive ingredients such as Boletus edulis mushrooms. Water- and methanol-22 
soluble fractions of supplemented pâtés showed higher ABTS and DPPH 23 
scavenging activities than control samples. B. edulis supplementation resulted 24 
in lower EC50 but only up to 5% (w/w). The high antioxidant activity observed in 25 
supplemented pâtés was stable during 30 storage days and decreased after 60 26 
days but still it was higher than control pâtés and did not influence lipid 27 
oxidation. Addition of dried water or methanol preparations extracted from the 28 
mushroom did not improve the antioxidant activity observed when the complete 29 
fruiting body was utilized. Ergosterol- related compounds and ergotioneine were 30 
involved, but they were not exclusively responsible of the high antioxidant 31 
activity observed, phenolic compounds might be involved too. 32 
 33 
PRACTICAL APPLICATION 34 
 35 
Antioxidants are thought to exert a potential protective effect against free radical 36 
damage preventing cardiovascular diseases (CVD) and tumour formation by 37 
inhibiting oxidative reactions on DNA, lipids, etc. Traditional liver pâtés are a 38 
good source of bioavailable iron but they are also rich on saturated fatty acids 39 
and cholesterol. The frequent consumption of the latter compounds increases 40 
the risk of CVD. Moreover, the industrial manufactures usually add synthetic 41 
antioxidants to inhibit pâtés lipid oxidation, since their iron content might act as 42 
catalyst and accelerate lipid oxidation reactions. Edible fungi are a good source 43 
of natural antioxidants and fungal flavours, textures and colours are similar to 44 
animal products. Therefore, B. edulis fruiting bodies could be added at low 45 
 3 
concentrations (2.5 – 1% w/w) to liver pâté to design a new functional pâté with 46 
higher antioxidant activities without the need of synthetic antioxidants to prevent 47 
lipid oxidation up to 30 storage days.   48 
 49 
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Liver pâtés, spreading pastes commonly consumed worldwide, are generally 56 
considered as an added value product with high sensory qualities and 57 
nutritional value because of their iron content but with a high amount of fat 58 
(approx. 35%) (Estevez et al. 2007). 59 
During the pâté preparation, chopping and mincing of liver and other fatty 60 
ingredients facilitate oxygen interaction with the paste matrix. Later on, the 61 
pasteurization procedure increases the temperature and the high iron levels 62 
catalyze oxidative reactions on the free fatty acids provoking hydroperoxides 63 
and other degradation products (Kanner et al. 1991).  64 
Traditionally, industrial manufactures usually added synthetic antioxidants such 65 
as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl, 66 
octyl, and dodecyl gallates etc. to inhibit pâté lipid oxidation (Pinho et al. 2000). 67 
Actually, other alternatives are being investigated such as the use of sage and 68 
rosemary essential oils (Estevez et al. 2007). However, edible fungi are also a 69 
good source of natural antioxidants and fungal flavours, textures and colours 70 
are more similar to animal products than plant extracts (Tsai et al. 2007). 71 
Boletus edulis is a widely consumed mushroom with appreciated sensory 72 
characteristics and nutritional value. Boletus sp. contains high levels of 73 
carbohydrates including dietary fibres and proteins and very low fat content 74 
(Manzi et al. 2001; Ouzouni and Riganakos 2007). They are a good source of 75 
vitamins and minerals (Mattila et al. 2001) particularly, a high Vitamin D2 (Mattila 76 
et al. 2002; Teichmann et al. 2007) and selenium contents (8.7 – 32 g/kg DM) 77 
(Falandysz 2003) and a wide range of nutraceuticals (Wasser 2002; Zheng et 78 
al. 2007). These basidiomycetes contain bioactive compounds with high 79 
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antioxidant (Ramirez-Anguiano et al. 2007; Tsai et al. 2007; Sarikurkcu et al. 80 
2008), antimicrobial (Lee et al. 1999; Santoyo et al. 2009), antitumor and 81 
immunomodulating properties (Wasser 2002; Zhen et al. 2007).  82 
There is a new trend in the market to functionalize food by adding specific 83 
ingredients of natural origin, which might not only avoid the food spoilage but 84 
improve consumer’s health. Usually, to reach that health beneficial effect, the 85 
natural compounds have to be extracted and concentrated using more or less 86 
complicated technologies to prepare an active concentrate (Kitzberger et al. 87 
2007). The objective of this work is to demonstrate that the antioxidant status of 88 
a liver pâte might be improved just by promoting new ¨ recipes¨ with specific 89 
combination of food ingredients, for instance, by adding powdered mushroom 90 
fruiting bodies directly to pâtés. Liver pâtés - if consumed in large quantities - 91 
could increase the risk of cardiovascular diseases (CVD) because of its high 92 
saturated fat and cholesterol levels. Moreover, such a high amount of fat might 93 
be easily oxidized (in the absence of antioxidant compounds) during the pâté 94 
preparation and/or during storage. In this work Boletus edulis fruiting bodies 95 
were added to liver pâtés to study whether they were able to inhibit lipid 96 
oxidation and enhance the antioxidant properties of the food matrix. The effect 97 
of pâté processing and storage on these properties was also investigated.  98 
Therefore, the ABTS and DPPH scavenging activities and TBARS values of 99 
traditional and supplemented pâtés were compared. A preliminary study using 100 
TLC was carried out to visualize the antioxidants potentially responsible of the 101 
observed activities. 102 
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 103 
MATERIAL AND METHODS 104 
Materials and reagents 105 
The mushroom used in this investigation was a wild strain of Boletus edulis 106 
(Fries/Bull). Fresh mushroom fruit bodies, Iberian pork bacon, beef liver, 107 
pepper, salt, powered garlic and white wine were purchased at a local 108 
supermarket. 109 
2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS+), 2,2-diphenyl-1-110 
picrylhydrazyl (DPPH),2-Thiobarbituric acid, and 1,1,3,3 tetraethoxypropane 111 
(TEP) were purchased from Sigma-Aldrich Chemie GmbH (Steinheim, 112 
Germany). Trichloroacetic acid (TCA) and analytical grade organic solvents 113 
were obtained from Panreac Quimica SA 17 (Barcelona, Spain). 114 
 115 
Samples preparation 116 
Boletus edulis fruiting bodies were cut in small pieces, frozen at -20 º C and 117 
lyophilized (Unitop 400 SL, Virtis, Gardiner, NY, USA). Dehydrated material was 118 
homogenized in a mill (JR MF10basic IKA Laburtechnick, Germany) and sieved 119 
(Orto Alresa, Spain) until particle size was smaller than 0.3 mm. The resulting 120 
powder was stored at -20 º C and marked as complete mushroom powder (BC) 121 
or submitted to extraction using water and methanol as solvents.  122 
Boletus edulis water fractions (BWF) were prepared by adding 500 mL distilled 123 
water to 10 g mushroom powder. The mixture was stirred and submitted to 124 
centrifugation at 5 ºC, 3500 rpm during 15 min. Supernatant was collected, 125 
stored at -20 ºC and lyophilized.  126 
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Boletus edulis methanol fractions (BMF) were prepared by adding 10 mL 127 
methanol to 1 g mushroom powder and shaking in a Vortex during 2 min. The 128 
mixture was submitted to centrifugation at 12000 rpm during 2 min. Supernatant 129 
was dried in a vacuum concentrator (SpeedVac plus, Savant Instruments Inc. 130 
Holbrock, NY, USA).  131 
Liver pâtés were prepared following a domestic recipe. Beef liver (166 g) was 132 
cut in pieces, mixed with 333 g bacon pieces and ground in a mixer (Ufesa, 600 133 
W, Spain) until a fine paste was obtained. Pepper (0.42 g), salt (3.33 g), 134 
powdered garlic (0.333 g) and 25 mL white wine were added and mixed with the 135 
paste. In pâtés supplemented with B. edulis preparations, different 136 
concentrations were added (BC= 1, 2.5, 5 and 7.5 %, BWF= 0.25 and 1.25% 137 
and BMF = 0.12 and 0.62 % w/w) together with these condiments. Crude pâté 138 
(90 g) was placed in jars (200 mL) sterilized in an autoclave at 121 ºC for 20 139 
min and for storage experiments a few jars were maintained at 4 ºC in darkness 140 
up to 60 days. 141 
 142 
DPPH scavenging capacity 143 
For DPPH assays, the antioxidant compounds were extracted following two 144 
procedures. In the first procedure, liver pâtés (5 g) were mixed twice with 10 mL 145 
hexane, stirred for 4 min to remove fat samples before methanol extraction. 146 
Hexane phase was removed using vacuum. Defatted paste was mixed twice 147 
with 10 mL (x2) methanol and stirred for 4 min. Supernatants were pooled 148 
together and evaporated until dryness in a rotary evaporator (Laborota 4000-149 
efficient. Heidolph Instruments, Germany). Dry extracts were dissolved in 150 
methanol for the analysis. In the second procedure, liver pâtés (5 g) were 151 
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directly submitted to methanol extraction without fat removal, concentrated and 152 
treated as previous samples. 153 
Scavenging effect on DPPH free radical was monitorized according to 154 
Ramirez-Anguiano et al. (2007). The EC50 was defined as the concentration of 155 
dry extract able to scavenge half of the radical and it was calculated in order to 156 
compare the samples antioxidant activity. Lower EC50 values indicate higher 157 
antioxidant power. 158 
 159 
ABTS+ scavenging capacity 160 
For ABTS+ assays, liver pâtés (5 g) were mixed with 10 mL distilled water, 161 
stirred in a Vortex for 4 min and later in an Ultra-Turrax blender (Ika-Werke 162 
Gmbh & Co.,Germany) at 11000 rpm during 10 s. The mixture was filtrated 163 
through a Watman paper and the filtrate was immediately analyzed. A filtrate 164 
aliquot (1 mL) was dried in an oven at 40 ºC overnight to calculate the dry 165 
matter content.  166 
ABTS+ radical was chemically generated from ABTS-H using manganese 167 
dioxide. ABTS+ scavenging activity was analyzed spectrophotometrically 168 
following the procedure described by Ramirez-Anguiano et al. (2007). 169 
 170 
Lipid oxidation measurement (TBARS value) 171 
Lipid oxidation in pâté with or without B. edulis (BC, BWF and BMF) 172 
supplementation was measured as thiobarbituric acid reactive substances 173 
(TBARS) using the TBA method of Pfalzgraf et al. (1995). This method is based 174 
on the malondialdehyde (MDA) reaction with 2-thiobarbituric acid (TBA) to 175 
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obtain a pink pigment, resulting from the condensation of two molecules of TBA 176 
with one molecule of MDA (Sinnhuber et al. 1958). The substances that react 177 
with TBA are called TBA-reactive substances. TBARS value expressed as g 178 
MDA/g pâté and results were calculated in duplicate from a standard curve of 179 
TEP (1,1,3,3 tetraethoxypropane).  180 
Briefly, pâté samples (5 g) were homogenized with 10 mL trichloroacetic acid 181 
10% using the Ultra-Turrax (10 s, 11.000 rpm). The resulting mixtures were 182 
centrifuged at 5C and 3500 rpm during 20 min and supernatants were filtrated 183 
through a Watman paper. Afterwards, filtrates (2 mL) were mixed with 2 mL 184 
TBA 3 mmol/L and heated on a water bath at 100ºC during 20 min. When the 185 
samples cooled down absorbance at 531 nm was recorded.  186 
 187 
Antioxidants detection by TLC 188 
Compounds present in the water and methanol extracts obtained from B. edulis 189 
were separated and visualised using TLC silica sheets. Samples were 190 
developed and stained with a DPPH solution as described in Soler-Rivas et al.  191 
(2000).  192 
Organic antioxidants from B. edulis powder (0.1 g) were extracted using 1mL 193 
methanol. The mixture was shaken and centrifuged at 14000 rpm during 2 min. 194 
Drops (10 µL) of the methanol extract and standard compounds were placed on 195 
the silica sheet and a TLC was developed using as mobile phase a mixture of 196 
toluene: ethyl acetate: formic acid (50:40:10) (v/v/v). The TLC sheet was dried 197 
and stained with the DPPH solution to detect only those compounds with 198 
antioxidant activity.  199 
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Aqueous extracts were prepared as above described for methanol fractions but 200 
using water as solvent. Afterwards, they were submitted to filtration to separate 201 
small molecules from proteins and polysaccharides since the LMW fraction was 202 
mainly responsible for the high antioxidant activity as previously observed 203 
(Ramirez-Anguiano et al. 2007). Two hundred microliters of freshly prepared 204 
water extracts (100 mg/mL) were submitted to filtration using Microcom filters 205 
(Millipore) with a cut off of 10000 daltons and a microfuge (14000 rpm). Drops 206 
(2 µL) of the LMW fraction and standard compounds were placed on silica sheet 207 
and TLC was developed using as mobile phase a mixture of methanol: formic 208 
acid: acetic acid: water (75:16:8:1) (v/v/v/v).  209 
 210 
Statistical analysis  211 
One way analysis of variance (ANOVA) was performed using a Statgraphics® 212 
Plus 3.1 for Windows software (Statistical Graphics Corporation, Maryland, 213 
USA). The mean comparison test used was Fisher’s least significant differences 214 
procedure (LSD). 215 
 216 
RESULTS AND DISCUSSION 217 
Effect of processing on radical scavenging activities 218 
Two steps are critical during a pâté processing because they might influence 219 
the antioxidant levels of a freshly prepared pâté. During mincing of the different 220 
ingredients, oxygen get into the mixture and lipid oxidations might take place. 221 
The second critical step is the heat treatment applied to the pâté in jars because 222 
increase of temperature implies increase of reaction velocity, and in iron-rich 223 
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food matrices such as pâté, this metal might act as catalyst and accelerate lipid 224 
oxidation reactions.  225 
When the domestic pâté recipe was followed, the minced paste was not left 226 
long enough to provoke a significant change in its antioxidants level (results not 227 
shown) but the heating process seemed detrimental (Table 1).  228 
The thermal treatment applied to preserve the jars, following a traditional pâté 229 
recipe, reduced the antioxidant capacity of water soluble compounds of control 230 
pâtés since the EC50 of their ABTS+ scavenging capacity significantly increased 231 
after the heating. When the pâté was supplemented with complete B. edulis 232 
powder (BC), no significant reduction of water soluble antioxidants was 233 
observed. Moreover, in both paste and prepared pâté, the EC50 of 234 
supplemented preparations were significantly lower than the traditional control 235 
samples. 236 
Heating did not significantly affect the methanol-soluble antioxidants present in 237 
the traditional pâté or in those supplemented with the mushroom powder (BC). 238 
However, the latter showed higher antioxidant properties since the EC50 was, on 239 
average, 0.2 mg/mL while 1.1 mg/mL was established for traditional pâtés.  240 
 241 
Optimization of the B. edulis supplementation 242 
Pâté paste and mushroom powder (BC) were mixed at several concentrations 243 
to design a functional product with a high antioxidant activity but also with 244 
adequate sensory properties and economically affordable. An excess of 245 
antioxidant compounds could lead to a pro-oxidant effect particularly on a high 246 
lipidic matrix such as liver pâté (Barlow 1990). 247 
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Boletus edulis additions up to 7.5% (w/w) increased the antioxidant capacity of 248 
the water soluble fraction of pâtés (Fig. 1a). The EC50 of the traditional liver pâté 249 
(extrapolated by linear regression from the curves) changed from 0.46 mg/mL to 250 
0.26 mg/mL by only 1% B. edulis addition. Higher mushroom doses decreased 251 
furthermore the EC50 but up to certain extent. Increases of 5% and 7.5% 252 
mushroom powder did not significantly change the EC50 (0.15 mg/mL).        253 
Before measuring the antioxidant activity of the methanol soluble fractions in the 254 
above mentioned pâtés, two extraction methods were compared to detect a 255 
possible interference when organic solvents are utilized due to the high fat 256 
content of the samples. Nevertheless, no significant differences on the 257 
antioxidant activity were found between the methanol extracts submitted to the 258 
hexane pre-treatment to remove the fat and those without the washing step 259 
(Table 2). Results were also independent of the type of sample (control and 260 
supplemented) and apparently no synergistic effects occurred between the 261 
antioxidants present in the fatty matrix (soluble in organic solvents such as 262 
chloroform, hexane etc.) and those extracted with methanol. Therefore, the 263 
DPPH scavenging capacity was evaluated without hexane pre-treatment.  264 
Boletus edulis addition to functionalize liver pâtés resulted in higher antioxidant 265 
activity of the methanol-soluble fraction with only 1% addition (Fig. 1b). The 266 
EC50 decreased almost half concentration, from 1.18 in control samples to 0.62 267 
mg/mL in supplemented samples (Table 2). As observed for water soluble 268 
antioxidants, the EC50 was decreasing with increasing mushroom concentration. 269 
However, EC50 values from samples including 5 and 7.5% were more similar 270 
than between lower concentrations.    271 
  272 
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Pâté supplementation with water and methanol fractions extracted from B. 273 
edulis 274 
Liver pâté pastes were also supplemented with two separate B. edulis fractions, 275 
a lyophilized fraction containing the water soluble compounds (BWF) and a 276 
dried methanol soluble fraction (BMF). Water extracted more compounds since 277 
247.54.9 mg/g dw were obtained compared to the 126.55.1 mg/g obtained 278 
using methanol. BWF fraction was added to pâté at 0.25 and 1.25% and BMF at 279 
0.12 and 0.62% because those were the concentrations corresponding to 1% 280 
and 5% complete mushroom powder to compare the effect of the separate 281 
fractions with the complete fruiting body addition. 282 
Control pâtés showed higher EC50 than in previous experiments (Table 3). 283 
These changes are usually due to the natural variability between samples 284 
preparations, particularly, liver and bacon pieces might differ from batch to 285 
batch. But, control and supplemented samples were prepared from the same 286 
pâté paste to allow further comparisons. 287 
BWF additions (0.25 and 1.25%) decreased respectively less than 13 and 30% 288 
the control EC50. However, samples including the complete mushroom powder 289 
(1 and 5% BC) decreased it respectively 43 and 67%.  BMF additions (0.12 and 290 
0.62 %) decreased respectively less than 10 and 58% the control EC50 while 291 
similar concentrations but including the complete mushroom powder (1 and 5% 292 
BC) decreased it respectively 47 and 78%. Therefore, the use of a water or a 293 
methanol fraction instead of the complete mushroom as supplement to improve 294 
the antioxidant activity was less effective than the use of the complete fruiting 295 
body.  Perhaps, synergic interactions between BC components might take place 296 
or some of the antioxidants were degraded during the extraction procedure. 297 
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Thus, it is not encouraged the use of any separated mushroom extract to 298 
functionalize liver pâtés. 299 
 300 
Effect of storage on antioxidant levels and lipid oxidation  301 
The effect of BC, BWF and BMF supplementation on pâté lipid oxidation was 302 
also studied (Fig. 2). No significant differences were observed between the 303 
TBARs values of control samples and pâtés supplemented with both BWF 304 
concentrations and 1% BC. These values were maintained constant during 15 305 
storage days at 4ºC. The TBARs values of samples including BMF (both 306 
concentrations) or 5% BC were slightly higher than control however only in 307 
those samples including BMF, the values increased after 15 days. Results were 308 
not surprising since BMF compounds were extracted with an organic solvent 309 
therefore, these compounds had a higher tendency to react with lipid-like 310 
compounds than water soluble extracts. Thus, these BMF extracts might have 311 
been partially oxidised during the extraction procedure or in case of 5% BC, 312 
they might have been added in excess.  However, lipid oxidation levels were in 313 
all the samples very low and even lower than other pâtés functionalized with 314 
plants extracts (Estevez et al. 2007).         315 
The antioxidant activity of the BWF and BMF supplemented pâtés were lower 316 
than those including the complete fruiting body and the methanol fractions 317 
slightly enhanced lipid oxidation thus, none of the separated mushroom extracts 318 
was further more utilized to functionalize liver pâtés and the complete B. edulis 319 
fruiting bodies were added but in concentrations lower than 5% (w/w). 320 
Then, control pâtés and pâtés supplemented with 2.5% Boletus edulis powder 321 
were prepared and stored at room temperature for 60 days to study the lipid 322 
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oxidation and the stability of the high antioxidant activity observed in 323 
supplemented samples (BC). 324 
Water soluble antioxidants presents in control and supplemented samples were 325 
rather stable during 30 days because the ABTS+ scavenging capacity did not 326 
significantly changed in samples with 0, 15 and 30 storage days (Fig. 3a). 327 
Control samples showed on average an EC50 of 0.3 mg/mL and supplemented 328 
samples maintained their higher antioxidant activity (EC50 0.17 mg/mL on 329 
average). Storage for 60 days provoked a decrease in the radical scavenging 330 
activities of both control and supplemented pâtés being the later still higher than 331 
the control. 332 
Similarly, the antioxidant activity of the methanol soluble fraction extracted from 333 
both control and supplemented pâtés did not change within the 30 storage days 334 
(Fig. 3b). Afterwards, a high reduction was noticed after 60 days in control 335 
samples while supplemented pâtés showed only a low reduction in their DPPH 336 
scavenging capacity after those 60 days.  337 
The lipid oxidation was concomitantly measured and no significant differences 338 
were observed from 0 up to 60 storage days in both control pâtés and samples 339 
supplemented with B. edulis powder (Fig. 3c). The latter samples showed a 340 
slightly higher TBARs values than the control although they were still very low 341 
indicating a proper stability of the lipid matrix during 60 days if Boletus edulis 342 
was applied at the selected concentration (2.5% w/w).  343 
 344 
Antioxidants separation by TLC 345 
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Boletus methanol and water extracts were developed by TLC to separate and 346 
detect the type of compounds potentially responsible for the high antioxidant 347 
activity observed.  348 
When the methanol extracts were developed, only 2 bands with antioxidant 349 
activity were observed (Fig. 4a). One band migrated (Rf = 0.86) and the other 350 
remained at the application point. The first band could be ergosterol or 351 
ergosterol derivatives since the band showed similar Rf value than a 352 
commercially available ergosterol used as standard and their UV-spectra 353 
coincided when they were scratched from the silica sheet. Ergosterol is a 354 
common compound for fungi since it is a cell membrane component (Barajas-355 
Aceves et al. 2002) and a vitamin D2 precursor (Teichmann et al. 2007). It is 356 
also able to decrease lipid peroxidation and scavenge radicals (Zhang et al. 357 
2002; Hu et al. 2006; Kobori et al. 2007). Moreover, the ergosterol 358 
concentration in this B. edulis strain was 7.73 mg/g and it was the major 359 
compound of the unsapponificable fraction (Ramirez-Anguiano, 2009). 360 
No ascorbic acid,-tocopherol, ergocalcipherol (vit. D2) (co-migrated with vit. 361 
D3) and -carotene (Rf = 1) were detected, apparently their contribution to the 362 
antioxidant activity of this fraction was insignificant. The vitamin D2 levels in B. 363 
edulis were 1000 fold lower concentration than ergosterol (Mattila et al. 2002; 364 
Teichmann et al. 2007) and the highest concentration described for the other 365 
compounds were still 2-100 fold lower than ergosterol (Tsai et al. 2007; 366 
Jaworska and Bernas, 2009), thus their contribution might be below the 367 
detection level of the TLC-DPPH assay.  368 
However, the most intense band did not migrate indicating that the antioxidant 369 
activity was mostly due to very polar compounds which might be mainly soluble 370 
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in water and partially in methanol. Therefore, the water extract was also 371 
analyzed by TLC.  372 
The water extract was fractionated in a low molecular weight (LMW) and a high 373 
molecular weight (HMW) fractions and only the LMW fraction was applied to 374 
TLC sheets since the HMW contained antioxidant polysaccharides bound to 375 
proteins (Liu et al. 1997) but they contributed minimally to the high antioxidant 376 
activity observed in the complete water extract (Ramirez-Anguiano et al. 2007). 377 
The TLC development of the water extract yielded three bands (Fig. 4b), a fine 378 
band (Rf = 0.68) with very low intensity and two other more intense at the 379 
application point and at similar migration place than ergothioneine (Rf = 0.13). 380 
L-Ergothioneine is water soluble thiol compound (2-thioimidazole betaine) with 381 
high antioxidant capacity (Dubost et al. 2007) present in high amounts in B. 382 
edulis fruiting bodies (528 mg/kg fw) (Ey et al. 2007) and the UV spectrum of 383 
the B. edulis band extracted from the silica sheet resembled ergotionethine 384 
(Dubost et al. 2006).  385 
Other reports mentioned the presence of alkaloids, organic acids and 386 
unidentified phenols which could also be present in the applied LMW water 387 
fraction. Alkaloids could be partially extracted and with the utilized mobile phase 388 
they might migrate, perhaps they could be responsible of the fine band 389 
observed (Rf = 0.68). B. edulis contained oxalic, citric, malic, succinic and 390 
fumaric acids being malic acid the compound present in higher amount (Ribeiro 391 
et al. 2008). These compounds have not interesting antioxidant activities but 392 
they influence the pH and acid pHs shift the DPPH absorbance maximum 393 
producing false positives when compared with samples with neutral pHs. 394 
Therefore, they might influence the yellow spot visualized at the application 395 
 18 
point (because those compounds are not expected to migrate with the utilized 396 
mobile phase). However, phenolic compounds and peptides might also be 397 
present at the application point and might be involved in the observed 398 
antioxidant activity. The LMW fraction contained 36.68 mg/g phenolic 399 
compounds and 4.74 mg/g peptides (Ramirez-Anguiano, 2009). Thus, since 400 
most of the reports pointed the phenolic fraction as responsible of the 401 
antioxidant activity observed at the application point (Soares et al. 2009) and 402 
they were in high concentration in the LMW extracts they might be the major 403 
responsible compounds of the detected activity. Thus, the antioxidant activity of 404 
the water extracts might be mainly due to ergothioneine, and also probably due 405 
to the phenolic compounds.   406 
 407 
Concluding, a functional liver pâté might be easily prepared by direct 408 
supplementation with only 1- 2.5% of powdered B. edulis fruiting bodies. The 409 
antioxidant activity of supplemented pâtés was higher than traditional pâtés, it 410 
was maintained during the manufacture processes and pâté storage and did not 411 
induce lipid oxidation. The antioxidant activity of the methanol extract might be 412 
due to the ergosterol derivatives and polar compounds partially extracted from 413 
the water. The water extracts contained ergothioneine but also other still 414 
unidentified phenols. Further investigations are directed at the present to 415 
identify those compounds.  416 
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TABLES AND FIGURES 535 
 536 
TABLE 1. 537 
ABTS+ AND DPPH SCAVENGING ACTIVITIES OF WATER AND 538 
METHANOL EXTRACTS OBTAINED FROM PÂTÉS WITH AND WITHOUT 539 
7.5% B. EDULIS ADDITION BEFORE AND AFTER THE THERMAL 540 
TREATMENT. 541 
 EC 50 (ABTS) mg/mL 
(water soluble compounds) 
EC 50 (DPPH) mg/mL 
(methanol soluble compounds) 
Samples Before After Before After 
Control 0.280.011 0.460.023 1.110.06a 1.180.01a 
7.5% B. edulis 0.120.012 0.150.022 0.200.02b 0.240.02b 
Values are the mean  SD of three separate experiments 542 
1,2,3Denotes statistically significant differences (P<0.05) among EC50(ABTS) values 543 








TABLE 2. 551 
DPPH SCAVENGING ACTIVITIES OF METHANOL EXTRACTS OBTAINED 552 
FROM PÂTÉS SUPPLEMENTED WITH SEVERAL B. EDULIS 553 
CONCENTRATIONS WITH OR WITHOUT A HEXANE PRE-TREATMENT. 554 
 EC 50 (DPPH) mg/mL 
Samples With hexane pretreatment Direct methanol extraction 
Control 1.200.01a 1.180.01a 
1% B. edulis 0.590.04b 0.620.02b 
2.5% B. edulis 0.300.01c 0.340.03c 
5% B. edulis 0.260.01d 0.260.01d 
7.5% B. edulis 0.210.01f 0.230.01 
 555 
Values are the mean  SD of three separate experiments 556 





TABLE 3. 561 
ABTS+ SCAVENGING ACTIVITIES OF WATER EXTRACTS OBTAINED 562 
FROM PÂTÉS SUPPLEMENTED WITH B. EDULIS AQUEOUS FRACTIONS 563 
(BWF) AND DPPH SCAVENGING ACTIVITIES OF METHANOL EXTRACTS 564 
OBTAINED FROM PÂTÉS SUPPLEMENTED WITH B. EDULIS METHANOL 565 




 (% w/w) 
EC 50 (ABTS)  
(mg/mL) 
Methanol fraction  
(BMF) 
(% w/w) 
EC 50 (DPPH)  
(mg/mL) 
0 1.030.011 0 1.40.02a 
0.25 0.900.002 0.12 1.270.01b 
1.25 0.730.013 0.62 0.590.00c 
 568 
Values are the mean  SD of three separate experiments 569 
1,2,3Denotes statistically significant differences (P<0.05) among EC50(ABTS) values 570 




FIG. 1. A) ABTS+ SCAVENGING CAPACITY OF WATER EXTRACTS AND B) 574 
DPPH SCAVENGING CAPACITY OF METHANOL EXTRACTS OBTAINED 575 
FROM LIVER PÂTÉS CONTAINING DIFFERENT B. EDULIS 576 
CONCENTRATIONS.  577 
() Control pâté, () 1%, () 2.5%, () 5% and () 7.5% mushroom addition. 578 
 579 
FIG. 2. TBARS VALUES FROM CONTROL PÂTÉS AND PÂTÉS 580 
SUPPLEMENTED WITH B. EDULIS AQUEOUS FRACTIONS (BWF), WITH B. 581 
EDULIS METHANOL FRACTIONS (BMF) AND WITH 1 AND 5% OF 582 
COMPLETE MUSHROOM.  *DENOTES STATISTICALLY SIGNIFICANT 583 
DIFFERENCES (P<0.05) BETWEEN SAMPLES INCUBATED 0 AND 15 DAYS 584 
 585 
FIG. 3. EVOLUTION DURING THE STORAGE TIME OF A) EC50(ABTS) OF 586 
WATER EXTRACTS, B) EC50(DPPH) OF METHANOL EXTRACTS AND C) 587 
TBARS VALUES OBTAINED FROM LIVER PÂTÉS WITH AND WITHOUT 588 
2.5% B. EDULIS SUPPLEMENTATION. *DENOTES STATISTICALLY 589 
SIGNIFICANT DIFFERENCES (P<0.05) BETWEEN CONTROL AND 590 
SUPLEMENTED SAMPLES 591 
 592 
FIG. 4. A) METHANOL EXTRACT AND B) LMW FRACTION FROM THE 593 
WATER EXTRACT OBTAINED FROM BOLETUS EDULIS DEVELOPED BY 594 
TLC AND STAINED WITH A DPPH SOLUTION.  595 
BE = B. edulis extracts, ERT = ergothionenine, ERG = ergosterol, ASC = 596 
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